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This | publication presents general technical information necessary 
for the. reduction ° of quantitative data obtained. from photography using 
Modification” KH-4. of the KEYHOLE camera. system, * The specific 


_camera data -- operational focal lengths, lens ‘distortion, depression 


angle of horizon cameras, image motion compensation (IMC) velocity, 
filter and exposure data, film data, resolution capabilities, and timing 
pulses -- will be published separately for each KEYHOLE mission, 


KH-4 Configuration 


The major modification comprising the ixH- -4 configuration will, be 
the utilization of two KH-3 panoramic cameras mounted ina ccivergent. 
manner to ‘provide stereoscopic: coverage (Figure 1). The caneras, to 
be mounted at angles of 15 degrees to the vertical axis of the carrying 
vehicle, will be canted toward each other, forminga 30-degree anle. The 
cameras are designated as follows: the. forward- ~pointing cmera is 
the "forward camera, "and the aft- -pointing camera is the "aft amera."" 

The vehicle is designed to fly with LB ‘5 degrees of positie pitch, 
i.e., nose up, which will affect the orientation of the camers to the 
nadir. The panoramic cameras will not be compensated for tis pitch 


*The initial KEYHOLE camera System and wubecquens: sipdilicntiona are designated KH’’ with 
a numerical auffix. In the future, camera information pertaining. to a particular KEYHOE mission 
will be identified both by mission number and by the .approptiate ° ‘camera designat:on. 


In the KH- 1 configuration (The initial system), image motion compensation cue) has constant 
velocity. This camera configuration was utilized in Mission. 9009. 


In the KH-2 configuration (the first modification of the camera system), the IMC chges con- 
tinuously throughout each pass. This camera configuration was utilized in Missions 13, 9017, 
and 9019, . Sates é 

For a description of the KH-3 configuration, see NPIC publication, QB Mification 
KH-3, KEYHOLE Camera System, Aug 61. ose 

For a discussion of IMC,.see CIA publication, name Explanation of Ize Motion 
Compensation Provided on KEYHOLE Camera Systems, May 61.- -:- 
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FIGURE 1. A VERTICAL CROSS SECTION SHOWING THE KH-4 CONFIGURATION. 

angle. The forward camera will point’ forward: 16.5 degrees from nadir 
and the aft caméra~ will point 13.5 degrees: from the nadir. The aft 
camera is orientéd approximately the same-as’ the camera in the KH-3 
system. The forward camera will scan the ‘ground from left to right and 

the aft camera will scan from right to left. -The forward camera, because 

t 


it faces in the opposite direction, requirés -a reversed image motion 
compensation (Figure 2). This change will show in the equation of the 
he principal - point. 
475° pet 


path of | 


- The equation. for-this path in the forward 
ri - ; oe, ae = “ ees . ‘= : 
ae Sh ae 
Handle Vie. 
pret a 


Central Onhy.. 


EERE: 
Bae 





roy 
ie 
Ks 
eee 


4 


td me 
ae rete men 
a. awh 


# 
hha! 


be aa LL 





7 ‘9: 
a 


amma uaimmimBteatauunmw@wwaenttntH ® @ 








Vad Bh oe, 


ra 


ya to. 
ek aera 


Cen; 





er, 
3 io. 


camera’: is! ny = +8. 


Men iyi 


a eas s thefgauation for. r.the path i in the eS 
aft camera is Y= - 341 864° ‘sin 6. a: % as 

In | the. ‘early © pissions of. the KH- 4 system | both cameras will Be 
operated by sa common program which has been extended from 15 minutes 
to 30 minutes in duration, 1.6: ; velocity/hejent (V/A) ratio program. 
However, the cameras are nonsynchronous. 5 R in a. situation where one 
camera fails, the other will continue to operates : Re 

Operations. The. KH- 4 system can ‘operate on both ascending (south- 
to-north) passes and descending (north-to- south ) Passes and there may 
also be an operation ‘where the camera is turned on during an ascending 
pass and left on into a descending pass. “The capability of producing 
split passes -has been improved. More than one "camera off-camera on"' 
operation can be agtuated within a pass, t the only limitation being that the 
camera must remain on or off. ‘for. a time period corresponding to three 
degrees of: latitude. Mot Te 14 ‘3 

Format! The¥ size’ of the “format of the ‘panoramic. cameras in the 
KH-4 system will be the same as the KH- 3 format with thé exception of 
the width | ‘of image which will be 2. 187 inches. The KH- 4 format will 
differ in the information imaged on the format edges, such as timing marks, 
binary time readout, and the titling (Figure 2 ye “The. titling. will appear on 
the format edge containing the fiducial marks: On the film positive the 
forward camera frames will have the titling on: the: :side opposite the flight 
direction and the aft camera frames will have “the ‘utling in the direction 
of flight. The titling. will consist of operation AA" for ascending, "D" for 
descending, ''M"' for both ascending and descending), pass number, frame 
number, camera designation ("FWD" for forward. :camera, "AFT" for aft 
camera), mission number, launch date, and classification. 7 

Time Data. ‘In ‘the KH-4 system a new. clock will be.incorporated 
with an accuracy of + 10 milliseconds with the readout imaged on the 
format edge (Fi igure (2). The readout will. appear in binary form and will 
represent. elapsed time. Provisions are made. to correlate elapsed and 
real time.--F requency. marks will be employed it in this System as they were 
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‘160 cps to "200 cps. 













in the KE “gaystem. The cycles per second (cP ) will -be stepped up from 
wie. frequency arks will appear. “on the edge Opposite 
athe imarks will be. smallet: in size > thay those which 
pnd d KH- 2 i Er cays m4 é 






the fiducial marks. 
appeared in the KH-1 
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“Camera Features 


The KH- 4 configuration will include two KH- 3 panorainic cameras 
a oi 
and two pairs of horizon cameras and a framing camera for, determining 


the attitude of the carrying vehicle. : ; E é 
KH-3 Panoramit- Camera. The principal features tof the KH-3 


camera are as follows: 
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Lens: _ etzval £/3.5_ 
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Focal length: 24 inches : 
Scan angle: 70 degrees 
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Shutter: focal plane 


Shutter speeds: interchangeable slit ae for exposures of 1/300 
rsecond, 1/500 second, ang /l, 000 second. 


Film load: £70 mm x 7,600 feet (each unit) © 


Image motion compensation (IMC): Proportional to velotignneien 


(V/A) ratio : : 


Horizon Camera.’ As in the earlier KEYHOLE camera systems, the 
KH-4 system will utilize horizon cameras for determining the attitude of 
the carrying vehicle. As in the KH-3 system, which mounts a pair of 
horizon cameras on a panoramic camera, the KH-4 system will use two 
pairs of horizon cameras, mounting a pair on each of the panoramic 
cameras. The design depression angie of the horizon cameras will remain 
15 degrees from the horizontal plane when the panoramic cameras are in 


the vertical position, — : ¥ 
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small framing {camerg,: ‘to aid in determining attitude. 
this camera are. as foll6ws: Es 3 
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Lens: ae Zeiss Biagon 4 5 ae 

Focal length: 38. io mm. Ge te . s 

Field Saale: 72 degrees x 72 degrees - : 

Shutter: . . Compur, rated at 80 percent efficiency : 

Shutter speeds: 1/125 second, 1/250 second, and 1/500 second ce aa 


Average. weighted. area resolution: 90 L/min 
Format size: v 25 inches X25 25 inches 70 mm) 


Grid:. $y The lens- camera system is ‘equipped with a  Reseau 
Gta: made of ‘evaporated Hickel chromium on a oné- 
. inillinieter borosilicate glass’ plate. The grid interval 
we B 2.5, 5: mm over the entire format. 
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Filter: © Wratten 21 = 4 ec ee 


Film load: i7 70 mm x 120 1 feét, approximately 400 frames with 
| #7 /8- -inch separation between. frames 


Scale:= " sbproximarely 1:7,000, 006 
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The framing camera will be controlled’ by the forward panoramic 
camera. The forward camera will be programed to trigger the framing 
camera once every. predetermined number. of frames. - The framing 
camera will be triggered when the. scan. of: ‘the forward camera reaches 
the center of its format. The ratio of framing” camera exposures to forward 
panoramic camera exposures can be set. from 1: 6 to 1:11.. The probable 
choice will be between 1:6 and 1:8. The exposure time of the framing 
camera. exposure will. -be recorded as an elongated frequency mark on the 
corresponding panoramic exposure: ‘This mark will appear on the forward 
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The frafning camera will be positioned 1 Siegrees counter | to aes 
pitch ‘Of the - ae ‘in order to produce vertical photography.” 


titling: of the framing camera will consist : of frame number, ~ 
Fraines “will be numbered | 


ty 


number, dates and classification. 
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